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EMG MEASUREMENTS OF PARASPINAL MUSCLES AND THE IMPLICATIONS OF 
ADAPTING HAND PLACEMENT PROTOCOLS WHEN USING PASSIVE 
EXTENSION EXERCISES
ABSTRACT
The purpose o f this study was to determine if there is a significant difference in the EMG 
activity o f the paraspinaJ musculature, based on the width of hand placement used in the 
McKenzie prone press-up position.
EMG recordings were taken using surface electrodes placed on the lumbar paraspinal 
musculature of thirty normal, volunteer subjects. These recordings were taken while the subject 
was in the prone press-up position. This was repeated three times with different widths o f lateral 
hand placement. The resultant EMG recordings were normalized using a recording from a 
maximal effort of an isometric contraction. The mean EMG recording was cedculated for each 
of the three positions tested, and an analysis o f variance was used to determine if  there was a 
significant difference in these means. No significant difference was found between the mean 
EMG recordings o f the three positions tested at a 95% confidence level. The authors concluded 
that the width of hand placement used during the prone press-up exercise does not have a 
significant effect on the level of EMG activity in the lumbar paraspinal muscles. The results 
have clinical significance for the treatment o f low back pain using the prone press-up.
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PREFACE
Definitions
CENTRALIZATION: A change in the location o f pain firom a distal or peripheral location to a 
more proximal or central one (Donelson, Silva, & Murphy, 1990).
CROSS TALK: Undesired myoelectric signals recorded firom adjacent musculature.
DERANGEMENT SYNDROME: Alteration o f the position o f the fluid nucleus within the disc, 
and possibly the surrounding annulus, causing a disturbance in the normal resting position o f the 
two vertebrae enclosing the disc involved 
(McKenzie, 1981).
DYSFUNCTION SYNDROME: Adaptive shortening o f soft tissues leading to loss of movement 
in certain directions and causing pain to be produced before normal full range of movement is 
achieved (McKenzie, 1981).
ELECTROMYOGRAPHY: The preparation, study and interpretation (Tabers, 1993) of 
recording muscle action potentials that occur spontaneously or in response to volitional or 
stimulated activation using an extracellular recording technique (Robinson, Snyder-Mackler, & 
Kellogg, 1995).
ELECTROMYOGRAM (EMG): An individual record of compound action potentials (Robinson 
& Kellogg, 1995).
HAND WIDTH: The distance measured in the anatomical position between the lateral border o f 
the second digit (metacarpal phalangeal joint) and the medial border of the fifth digit (metacarpal 
phalangeal joint).
IMPEDANCE: Resistance of current flow which is measured in ohms (Q) (O’Sullivan & 
Schmitz, 1994).
MECHANICAL BACK PAIN: “Pain produced by the application of mechanical forces as soon 
as the mechanical deformation of structures containing the nociceptive receptor system is 
sufficient to irritate free nerve endings (McKenzie, 1981:p.l0).”
MESOMORPHIC: Description o f a persons body type, with muscle being the most prevalent 
tissue; a person with a muscular build.
PASSIVE LOW BACK EXTENSION: Anti-gravity movement o f the torso from a prone 
position, using the upper extremities with no electromyographic activity of lumbar musculature.
I ll
POSTURAL SYNDROME: “Mechanical deformation o f poatural origin causing pain o f strictly 
intermittent nature, which appears when the soft tissues surrounding the lumbar segments are 
placed under prolonged stress.” (McKenzie, 1981 :p. 81)
WILLIAMS FLEXION PROTOCOL: A theory for the treatment of low back pain that utilizes 
low back flexion exercises as well as postural instruction to decrease the lumbar lordosis, thus 
reducing excessive pressures on the posterior structures o f the spine.
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CHAPTER 1
INTRODUCTION
Backgroimd to the Problem 
Low back pain (LBP) is an ailment afflicting the majority of the population in 
Western countries sometime during their life (Kelsey & White, 1980; Stankovic & 
Johnell, 1990). In the United States, LBP constitutes as much as twenty-five percent 
o f the conditions treated in physical therapy outpatient clinics (Jette, Smith, Haley & 
Davis, 1994; Sullivan, Kues & Mayhew, 1996). Past research has highlighted the 
McKenzie method as a frequently used (Battle, Gherkin, Dunn, Coil & Wheeler,
1994; Jette et al; Sullivan et al.) and effective treatment approach for LBP (Donelson, 
Silva & Murphy, 1990; Stankovic & Johnell, 1990, 1995; Sullivan et al., 1996). A 
McKenzie principle commonly applied in the clinic is the use of passive extension 
exercise for the treatment of Posterior Derangement Syndromes (McKenzie, 1981).
Posterior Derangement treatment entails passive lumbar extension movement, 
allowing increased vertebral mobility, and preventing increased intradiscal pressure 
(McKenzie, 1981). The increased mobility enhances extension, and in the extended 
position, assists gravity in “squeezing” the disk anteriorly by approximating the 
posterior portions of the vertebral bodies (McKenzie, 1981). Nachemson (1976) 
demonstrated that active back extension in the prone position increased the intradiscal 
pressure (Kopp, Alexander, Turocy, Levrini & Lichtman, 1986). An increase in 
intradiscal pressure may produce more stress on the annulus thus creating a fissure in 
the annular wall (McKenzie).
In the treatment of posterior derangement, McKenzie proposes a prone 
progression in which the patient gradually progresses from prone lying, to prone on 
elbows, to prone press-ups (McKenzie, 1981). The steps of this progression may be 
altered according to the patient’s response to the treatment techniques. The clinician 
must constantly assess the patient to ensure the treatment is centralizing the 
symptoms and not increasing neurological signs such as, adverse changes with 
numbness, tingling or deep tendon reflexes in the lower extremities. McKenzie 
describes the hand placement for the press-up exercises as being palms down under 
the shoulders. The goal of the prone progression is to reach “maximum possible 
extension range” of the lumbar spine (McKenzie, 1981 :p.57). Maximum lumbar 
extension may not be attained if the hip extensors (primarily the gluteus maximus) 
and the lumbar paraspinal musculature are active. Activity of the gluteus maximus 
rotates the pelvis posteriorly, limiting lumbar extension. Based on McKenzie trained 
physical therapists’ clinical observation, positioning during the McKenzie exercises 
includes external rotation o f the hips to decrease the gluteus maximus activity 
allowing for an increase in range of back extension.
Purpose
The purpose was to determine i f  there is a significant difference in the EMG 
activity of the paraspinal musculature, based on the width of hand placement used in 
McKenzie’s prone press-up exercise. A  secondary purpose of this study was to 
determine if a significant correlation exists between the number o f push-ups (as a 
measure of upper body strength), and the EMG recorded at the second test position.
Another secondary purpose of this study was to determine if there was a significant 
difference o f the mean EMG recorded for males and females.
Statement of the Problem
According to Fiebert & Keller (1994) the lumbar paraspinal EMG activity is 
significantly greater in the prone press-up position than the lying prone position. 
According to McKenzie (1981) the prone press up exercise must be a passive 
movement for the press up to be effective.
Significance
The McKenzie prone press-up is a commonly used treatment technique for 
patients with low back pain. According to McKenzie, the press-up should be a 
“passive movement” for the press-up to be effective. Fiebert & Keller (1994) found 
there to be a significant amount o f EMG activity of the paraspinal musculature during 
the prone press-up position.
In clinical discussions concerning the use of McKenzie’s treatment approach, 
physical therapists have reported many patients move their hands laterally from the 
standard hand position (hands under the shoulders) when using the McKenzie prone 
press-up. This study was done to determine if  the commonly observed change in 
hand placement has an effect on the passive nature of this exercise. If  a significant 
difference in the EMG activity o f the low back paraspinal musculature occurs due to 
the change in the hand placements this may alter the way clinicians instruct patients 
to perform the prone press-up.
Research Question
Since the passive nature of the extension exercises is important for maximal 
effect (McKenzie, 1981), is there a more effective width of hand placement that 
would reduce paraspinal activity?
We hypothesize that the mean EMG readings of the paraspinal musculature 
during sustained trunk extension in prone will vary significantly based on width of 
hand placement. If  a better position exists for the reduction of electrical activity, 
treatment outcomes for discogenic low back pain may improve.
CHAPTER 2
LITERATURE REVIEW
Low Back Pain
Low back pain (LBP) is a common affliction experienced by 70-80% of the adult 
population in Western countries (Bennett, Gillis, Fortney, Romanow & Sanchez, 1989; 
Ponte, Jensen & Kent, 1984; Stankovic & Johnell, 1990; Wolf, Basmajian, Russe & 
Kutner, 1979). In a 1994 study on managing low back pain, the authors state, “Back pain 
is likely to be the single most common ailment seen by many physical therapists entering 
practice” (Battie, Gherkin, Dunn, Ciol & Wheeler, 1994, p. 224). An estimated 25-50% 
of physical therapy outpatient case loads consist o f patients with LBP (Battie et al.; 
Beattie, 1992; Sullivan, Kues & Mayhew, 1996).
Although the exact etiology o f this problem is often unknown, most authors agree 
that LBP is almost always mechanical in origin (Battie, Gherkin, Dunn, Giol & Wheeler, 
1994; Kuritzky & White, 1997; McKenzie, 1981). Kuritzky and White state that 97% of 
LBP is related to a mechanical problem. Intervertébral disc problems are thought to be 
the most common cause, followed by muscle strains (Battie et al.). Poor posture, loss of 
lumbar extension and activities involving repetitive flexion of the low back are 
considered to be the major contributors to the mechanical strain placed on the low back 
(Fiebert & Keller, 1994; McKenzie; Ponte, Jensen & Kent, 1984; Stankovic & Johnell, 
1990). A common faulty posture is sitting slouched in a chair. In this position the pelvis 
is rotated posteriorly, decreasing the lordosis of the lumbar spine. Along with putting 
strain on the posterior musculoligamentous structures o f the spine, this position increases
the amount o f tension on the posterior annular wall and promotes bulging o f the nucleus 
pulposis posteriorly. This bulging nucleus increases the amount of localized pressure on 
the already strained posterior annular wall. The bulging may lead to impingement of 
nerve roots as well as the posterior longitudinal ligament, causing irritation and pain 
(Hickey and Hukins 1980; McKenzie).
McKenzie Approach to Treating Low Back Pain 
Prevalence of Use
Battie, Gherkin, Dunn, Ciol & Wheeler (1994) investigated the treatment 
preferences o f physical therapists, for managing low back pain. The researchers used 
questionnaires to poll 186 licensed physical therapist in the state of Washington who 
practiced in settings where patients with back pain are treated. The researchers 
concluded, “Although therapists were likely to use a variety of treatment modalities, the 
McKenzie method was said to be the most popular approach for managing patients with 
back pain” (Battie et al, 1994, p. 224).
Theory on LBP
The McKenzie method for the treatment of LBP is focused around the idea that 
patients with back pain can be placed into one of three categories depending on the 
underlying pathology of the pain. These three categories are postural, dysfunctional, and 
derangement syndromes (Donelson, Silva & Murphy, 1990; McKenzie, 1981; Taylor, 
1996). Patients suffering from derangement make up the largest group of LBP patients 
(Donelson et al.; Taylor). McKenzie is a strong believer that back pain is almost always 
mechanical in nature. The two most common causes, according to his theory, are a 
change in position of the inter-vertebral disk’s nucleus pulposis in relation to the annulus
fibrosis, and mechanical deformation of the soft tissue surrounding the spine, either due 
to adaptive shortening or in response to postural stress (Fiebert & Keller, 1994; 
McKenzie; Ponte, Jensen & Kent, 1984; Taylor).
The Importance of Lumbar Lordosis 
McKenzie and others believe that most back pain is caused by patterns in lifestyle 
( McKenzie, 1981; Ponte, Jensen & Kent, 1984). He believes that the majority of LBP is 
aggravated and possibly caused by poor sitting posture commonly seen in the workplace 
in today’s society (Fiebert & Keller, 1994; Kuritzky & White, 1997; McKenzie). Poor 
sitting position produces an increase in mechanical loads on spinal structures (Bennett, 
Gillis, Portney, Romanow & Sanchez, 1989; Kuritzky & White; McKenzie; Nachemson, 
1975) and higher loads have been linked to increased levels o f LBP (Bennett et al; 
Nachemson). The flexed sitting position also approximates the anterior vertebral bodies, 
compressing the disk and pushing the nucleus posteriorly. This, in turn, places an 
increased amount of localized pressure on the posterior annular wall and may cause a 
derangement syndrome (Hickey and Hukins, 1980; McKenzie). Maintairung the flexed 
position in sitting also may lead to adaptive shortening of anterior tissues, restricting the 
range of lumbar extension (McKenzie). The McKenzie theory focuses on exercises that 
correct posture and restore the normal lordotic curve o f the lumbar spine (Donelson, Silva 
& Murphy, 1990; McKenzie; Ponte et al.; Stankovic & Johnell, 1990).
Treatment Principles 
In treating patients with LBP, McKenzie encourages active participation of the 
patient in the treatment while discouraging the use of passive modalities (Battie, Gherkin, 
Dunn, Ciol & Wheeler, 1994; Stankovic & Johnell, 1990). McKenzie suggests that
therapists find the position in which the peripheral pain is centralized to the center o f the 
back firom where the pain originated (Donelson, Silva & Murphy, 1990; Kuritzky & 
White, 1997; McKenzie, 1981). Extension exercises are most commonly used to 
centralize the pain; however, some patients are more effectively treated with forward 
flexion, movements in the lateral plane, or rotational movements (Donelson et al.; Fiebert 
& Keller, 1994; Kuritzky & White; McKenzie;).
In the treatment o f derangement, McKenzie theorizes that the extension motion in 
the lumbar spine allows for the posteriorly displaced nucleus pulposis to be moved 
anteriorly to a reduced position (McKenzie, 1981). Huijbregts, 1998 reviewed the 
research on the effects o f McKenzie exercises on the position o f herniated nuclear 
material in the lumbar interveterbral discs. Huijbregts found all studies except the study 
done by Gill et al, (1987), to support anterior movement o f the nucleus with extension 
and /or posterior movement o f the nucleus with flexion in normal discs. It must be noted 
that the studies reviewed by Huijbregts, (1998), and McKenzie all conclude that the 
movement of the disc is only predictable when discussing nuclear movement of normal 
discs with intact annulus fibrosis.
To treat posterior derangement, McKenzie suggests using a prone progression. 
Initially, the patient is instructed to lie prone with arms resting comfortably along his/her 
trunk. The patient is progressed to a position in which the elbows are placed under the 
shoulders, and the upper trunk is raised off of the supporting surface while maintaining 
contact of the pelvis and thighs with the surface. This position is held for five to ten 
minutes and followed by a brief rest period in a relaxed prone position. Next, the patient 
progresses to extension in lying, or a modified press-up. In this exercise, the patient
places the hands under the shoulders and presses down, extending the elbows and raising 
the upper trunk off the surface. In doing this, the lower trunk and pelvis are allowed to 
sag, allowing gravity to completely extend the lumbar spine. The patient then lowers the 
trunk to the surface and repeats this exercise ten times. During treatment the patient 
should perform five or six sets of ten with a two minute rest period between sets 
(McKenzie, 1981).
The prone press up is theorized by McKenzie (1981) to be passive during this 
prone press-up exercise. The passive nature of the press-up is important to prevent an 
increase in intradiscal pressure. Nachemson (1976) demonstrated an increase in 
intradiscal pressure with active back extension. An increase in the intradiscal pressure 
will produce more stress on the annular wall which may lead to further nuclear protrusion 
(McKenzie, 1981).
Effectiveness
In a study evaluating McKenzie’s theory that centralized pain indicates 
improvement in the treatment of LBP, authors found better treatment outcomes were 
experienced by patients whose pain centralized versus those whose pain did not centralize 
(Donelson, Silva & Murphy, 1990). Ponte, Jensen & Kent (1984) compared the 
effectiveness of McKenzie treatment for LBP with that of the Williams protocol (flexion 
exercises) for LBP and found the McKenzie protocol to be better at decreasing pain, 
increasing comfortable sitting time, and increasing the pain free range of both forward 
flexion and passive straight leg raise. The authors also observed that the improvements 
came about in significantly fewer treatment sessions when using the McKenzie protocol. 
Stankovic & Johnell (1990) compared the effectiveness of McKenzie treatment for LBP
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with that o f a 45 minute “mini back school”. The authors o f this study found the 
McKenzie method to be more effective in reducing sick leave, reducing recurrences 
during the first year, decreasing pain, and increasing spinal movement. In a five year 
follow up study done by the same authors, Stankovic & Johnell (1995), found 
significantly less recurrences o f pain and sick leave in patients treated using McKenzie’s 
methods when compared with subjects who attended “back school” (Stankovic & 
Johnell). In a 1996 study on the efficacy of McKenzie therapy and exercise therapy, the 
author concluded that McKenzie therapy is more effective in the treatment o f acute LBP 
than either Williams flexion exercises or participation in a mini-hack school. However, 
more research is needed to clarify the efficacy of McKenzie’s approach (Faas, 1996).
Electromvogranhv
As suggested by Miller (1985), this study followed the Standards for Reporting 
EMG Data as described in the Journal o f Electromvogranhv and Kinesiologv f 19991. By 
adhering to the above standards, our data is more meaningful to other researchers when 
comparing our results to other studies.
Electrode Placement 
This study investigated the superficial erector spinae of the lumbar region. The 
majority of the EMG studies done in this body region have placed the electrodes between 
Li and L5 (Ahem, Follick, Council & Laser-Wolston, 1986; Andersson, Ortengren & 
Herberts, 1977; Bermet, Gillis, Portney, Romanow & Sanchez, 1989; Fiebert & Keller, 
1994; Kippers & Parker, 1984; Miller, 1985). All authors positioned the electrodes 3cm 
lateral to the spinous processes, except Kippers & Parker who used a 5cm lateral 
placement. None of the above studies described the electrode location regarding the
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orientation of the electrode or which specific muscle belly the electrodes should be 
placed on for an accurate recording. According to Alderink (1998), the electrodes should 
be placed parallel to the orientation o f the muscle fibers and in the mid-portion of the 
muscle belly. Winter (1991) recommends an interelectrode spacing o f  l-2cm. Fiebert 
and Keller, used an interelectrode spacing o f 6cm, which, according to Winter, is too 
large. A large interelectrode space increases the chance of misplacing the electrodes over 
more than one muscle belly and may lead to EMG cross talk.
Surface vs. Indwelling Electrodes 
The current protocol for EMG studies of the superficial erector spinae muscles 
agrees with utilizing surface electrodes (Ahem, Council, Laser-Wolston, 1986; Fiebert & 
Keller, 1994; Kippers & Parker, 1984; Lofland, Mumby, Casist, Palumbo, Camic, 1995; 
Miller, 1985) for patient comfort and ease o f application. An advantage o f surface 
electrode use is, this type o f electrode assess the activity of large superficial muscles and 
muscle groups with a common function (Christensen, Sogaard, Jensen, Finsen, Sjogaard, 
1995; Giroux & Lamontagne, 1990; Howard & Tussing, 1996; Perry, Easterday, 
Antonelli, 1981). Indwelling electrodes are appropriate when testing small and/or deep 
muscles.
Reliability
Winter (1990) and Lofland, Mumby, Casist, Palumbo, and Camic (1995) agree 
that static contraction EMG recordings are more reliable than dynamic recordings.
Intraday recordings will also bolster the reliability of the EMG record by eliminating 
extraneous variables, such as electrode placement and subject’s physical well being, that 
could affect the results if  done on different days. Surface electrodes offer better
12
reproducibility than indwelling (Christensen, Sogaard, Jensen, Finsen, Sjogaard, 1995; 
Howard & Tussing, 1996; Perry, Easterday, Antonelli, 1981; Winter, 1990).
EMG Cross talk
EMG cross talk may cause error in data collection (Turker, 1993; Winter, 1994) 
and an effort should be made to prevent contamination o f the signal 1 Journal o f 
Electromyography and Kinesiology 6(4), 1996). This study investigated the erector 
spinae muscles. Due to the rninimal depth, and large size of the erector spinae, according 
to Winter, these muscles should produce minimal to zero cross talk (Alderink, 1998). In 
addition, contamination of the signal was prevented by using an interelectrode distance of 
2cm.
Summary
In reviewing the current literature, LBP is one o f the most common ailments 
experienced in the general population. Studies have highlighted the McKenzie method as 
an effective treatment for LBP, commonly used by physical therapists; however, more 
research is needed in this area. McKenzie’s approach utilizes various exercises, usually 
in extension, to treat mechanical LBP. According to McKenzie the passive nature o f 
these exercises is thought to be important to maximize the effectiveness o f the treatment 
by reducing intra-discal pressure and allowing for inter-segmental spinal mobility. The 
lumbar paraspinal EMG activity, in the commonly used prone press-up, has been shown 
to be significantly increased when compared to the prone lying position.
Multiple studies have been performed using EMG technology to assess the 
activity of the paraspinal muscles using surface electrodes. The majority o f current
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studies demonstrate high reliability and validity using surface electrodes and intraday 
testing.
CHAPTER 3 
METHODOLOGY
Study Design
A design of experiments was used to compare the EMG activity of the erector 
spinae muscles using three different hand placements during sustained trunk extension. 
The independent variable is the hand placement during the prone press-up. The three 
levels of the independent variable are the three hand positions: hands under shoulders, 2 
hand widths (width measurement across subject’s metacarpal phalangeal joints) lateral 
from the first hand placement and and 4 hand widths lateral from the first hand 
placement. The EMG recordings of the erector spinae muscles are the dependent 
variables.
According to Portney and Watkins (1993) an experimental design is most useful 
in situations where the cause-and-effect relationship between a set of independent and 
dependent variables is to be investigated. In this study the measurements of the EMG 
activity was easily performed using an EMG system. In addition, researchers have been 
performing EMG studies on back muscles as far back as the study done by Allen in 1948.
Study Site
This study was conducted in the Grand Valley State University human 
performance laboratory with approval by John Peck, Ph.D., P.T., Director of the Physical 
Therapy Program and Professor Jim Scott. Supervision and guidance was provided by 
Daniel Vaughn, P.T., M.O.M.T. and Arthur Schwarcz, Ph.D., P.T., A.T.C., M.N.S.M.T.
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Subjects
A convenience sampling procedure was used to select 30 “normal” subjects from 
the Grand Valley State University community. Subjects’ ages ranged from 18-45 years 
old. Using a factor of three, volunteers were randomly assigned to one o f six groups. 
Each o f the six groups performed the three exercises in a different order, thus e liminating  
fatigue and motor learning as possible limitations.
The following are the exclusion criteria for this study:
1) Current pregnancy or pregnancy within the last 6 months.
2) History of medically diagnosed low back pain in the last year.
3) Gross structural abnormalities o f the vertebral column 
surrounding soft tissue as detected by visual inspection.
4) Post operative low back.
The inclusion and exclusion criteria were obtained via a questionnaire (Appendix B) 
completed by each subject.
Instruments
Large activity mats were laid on a collection o f tables, upon which the subjects 
were positioned in the three testing positions: prone trunk extension with hands under 
shoulders, hands 2 hand widths and 4 hand widths. A standard, one foot ruler was used 
to measure hand width. The electrode placement measurements were performed using a 
metric ruler.
A Noraxon Myosystem 1200 EMG system (Version 3.4) and the Myosoft 
software was utilized to analyze and process the data. The parameters of this system
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include a filter range of 16-500Hz, input impedance of 20mega-ohms - I giga- ohm and a 
sensitivity o f one microvolt.
Silver - silver chloride, .7cm disc, surface electrodes were used to ensure the 
quality o f the EMG recordings. The silver chloride electrodes diminish the polarization, 
while the saline gel enhances the signal transmission (Perry, 1992; Howard & Tussing, 
1996).
EMG Processing
Differential amplification was used, with an input impedence greater than 
lOOOMQ. The common mode rejection ratio was greater than 100 dB (as recommended 
by the International Society of Electrophysiology and Kinesiology). The signal to noise 
ratio was less than IpV (gain=1000). The recording system eliminated noise before each 
test using Noraxon's amplifier. No notch filter or on-site preamplifier were used.
A Butterworth low/high pass filter (lOHz to 500Hz) was used, with cut off 
firequencies (bandwidth) of 16Hz to 3 50Hz. (This does not comply with the standards 
(lOHz to 350Hz) set up by the Journal of Electromvographv and Kinesiology). Full wave 
rectification was carried out on the recorded EMG data. To ensure the sampling of 
muscle activity was at least two times the firequency of the signal (Nyquist frequency 
rule), a sampling rate o f 1000 Hz was used.
Procedure
All volunteers signed an informed consent form, indicating an understanding of 
all details pertaining to the form (Appendix A). Following the subject’s completion of 
the questionnaire and informed consent form, shaving o f the low back (if necessary) and
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vigorous cleaning o f the skin using alcohol and cotton swabs was performed to reduce 
skin impedance.
Surface electrodes were placed in a bipolar configuration as suggested by Fiebert 
& Keller, 1994 and Miller, 1985. One pair of electrodes was placed over the low back 
erector spinae muscles, as follows: an investigator palpated and marked the L3 spinous 
process using the iliac crests as landmarks (Fiebert & Keller, 1994). One electrode of 
each pair of electrodes was placed 3 cm lateral to the spinous processes. The second 
electrode of each pair o f electrodes was placed 2 cm directly caudal to the first electrodes. 
This ensured that each pair o f electrodes was within the interelectrode placement of 1- 
2cm, as recommended by Winter, 1991. The electrode placement as described above 
located the electrodes in the middle of the lumbar portion of the longissimus muscle. The 
electrodes were oriented parallel to the muscle fibers of the longissimus muscle. The 
ground electrode was positioned on the S2 spinous process. When the examiner was 
satisfied with the subject’s position, this researcher read the standardized directions to the 
subject (Appendix C).
Normalization
All data was normalized to enable data comparison between the subjects. This 
was done by comparing the EMG (pV) collected during testing to that collected during a 
maximum effort o f an isometric contraction. The subject was positioned prone with arms 
outstretched overhead in full shoulder flexion and elbow extension. Using the low back 
muscles, the subject attempted to raise his/her chest and legs off the table, concentrating 
on using the low back muscles. This position was held for 7 seconds. The middle 5 
seconds of data was analyzed to obtain the mean peak of the muscle contraction. Each
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subject performed three maximum efforts o f an isometric contraction to ensure the 
subject was properly trained. The normalization was calculated by dividing the total 
area of the EMG recorded during the three maximum efforts of an isometric contraction 
(in pV*sec) by the total amount o f time for the three recordings (15sec). Next, the EMG 
recorded (in pV*sec) during each o f the 3 test positions was divided by the time for each 
recording (2 sec). The above result was then divided into the value calculated using the 
maximum effort of an isometric calculation, and was then multiplied by 100 to give the 
normalized value (in percent of a maximal effort of an isometric contraction).
Test Procedure
The subject was instructed in proper hand placement. The subject was then 
instructed to raise the upper body off the mat, leaving the pelvis on the mat, and 
straightening out the elbows. The EMG recordings were recorded for three seconds once 
the subject had reached full back extension. The middle two seconds of each three 
second recording was used for data analysis. This was repeated two more times varying 
the width of hand placement. A total o f three EMG recordings were taken during testing. 
By palpating the spinal segment, fifth lumbar (L5) and first sacral (SI), an attempt was 
made to ensure the subject was extending at the L5-S1 segment. The above palpation 
was performed in a sample of subjects, in the widest hand position, after all recordings 
were complete.
During the EMG recording there was no visual or verbal distractions to the 
subject. At the completion of each exercise the examiner assessed the electrode 
placement to assure the electrodes did not move outside the designated marks and read 
the instructions describing the next procedure (Appendix C).
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An attempt was made to account for the variability o f subject strength by 
recording the maximum number o f  push-ups each subject was capable of performing 
after all EMG recordings had been taken.
Reliability
One investigator conducted all testing procedures (subject instructions and 
electrode placement) and the other investigator recorded the data. This eliminated bias 
and problems with interrater reliability in data collection.
We increased the interrater reliability of electrode placement by practicing 
electrode placement prior to the study. The practice session involved one of the 
researchers and an experienced clinician. One investigator placed the electrodes in the 
desired locations while the experienced clinician was not in the same room. The 
experienced clinician verified the electrode placement. The above process was repeated 
until the examiner was able to consistently (5 consecutive trials) place the electrodes in 
the correct locations.
CHAPTER 4
DATA ANALYSIS
Techniques o f Data Analysis
StatGraphics (version 3.3) was utilized to report our results. A one-way ANOVA 
was used to analyze the effect o f a single factor on a single response variable. In this 
study, the factor is the hand placements and the response variable is the EMG recording. 
The following four assumptions must be satisfied so that the ANOVA could be used to 
compare the means of the three hand placements:
1. Random Sampling
2. A specified dependent variable is recorded for each unit sampled.
3. The residuals firom the fitted model follow a normal distribution.
4. The variance o f the dependent variable is the same in each population.
This study met all of the above criteria except number four. The distribution was skewed 
by one outlying observation (Subject M14, Position #1, EMG = 21.7). The above data 
was removed from computing because o f the excessive magnitude of this recording when 
compared to all other recordings. The increased magnitude of this recording could have 
been caused by a number of outside variables, including poor conection o f the electrodes 
to the lead wires, or poor connection of the lead wires to the recording system.
Hvpothesis 
Test o f Hypothesis
The purpose of this study was to test the hypothesis that there is a significant 
difference in the mean EMG recordings o f the paraspinal musculature in the three
2 0
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different positions tested. The mean EMG for the three positions is, position one (2.603), 
position two (2.943) and position three (3.283). Table 1 summarizes the EMG data. 
Although the EMG data increases from position one to position three (Table 1 & Figure 
1), the researchers failed to reject the null hypothesis that the means are equal for the 
three positions tested. The researchers failed to reject the null hypotliesis, because the p- 
value (0.6472) of our ANOVA test was greater than our alpha level of 0.05 (see Table 3). 
Table 1
Summary o f EMG Data at Three Different Hand Placements
VARIABL POSm ON DESCRIPTIVE STATISTIC VALUE (% of MEIC)*
EMG 1 Mean 2.603
Median 1.800
Standard Deviation 3.262
Minimum 0.000
Maximum 15.800
Range 15.800
Mean 2.943
Median 2.350
Standard Deviation 2.263
Minimum 0.000
Maximum 9.600
Range 9.600
Mean 3.283
Median 2.550
Standard Deviation 2.778
Minimum 0.000
Maximum 10.200
Range 10.200
* MEIC = Maximal Effort of an Isometric Contraction
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Figure 1. Means plot of Electromyographic recordings (in microvolts) by position.
Other Findings o f Interest 
The secondary purpose of this study was to determine if there is a correlation 
between the number of pushups an individual subject could perform in position #2 and 
that subject’s EMG scores for position #2. Position #2 was chosen because it was the 
most comfortable position to do a pushup. The results of the Pearsons Product Moment 
Correlation between the EMG (in this case, only for position #2) and the number of 
pushups performed was -0.1254. Using Pearson product moment correlations, no 
significant correlation was found between the number of pushups and the EMG scores for 
position #2 because the p-value (0.5092) was greater than the alpha level of 0.05.
Table 2 includes the summary o f the data comparing mean EMG values between 
males and females. The mean EMG recording for females (2.336) was significantly 
lower than the males EMG of 3.573 (Figure 2). An ANOVA was used to conclude that 
there is a significant difference between the mean EMG scores of males and females
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[(p-value) 0.0346 < (alpha level) 0.05 ]. Again the outlying value of 21.7 was removed to 
meet all of the assumptions of an ANOVA.
Table 2
Summarv of EMG Data Comparing Meiles vs. Females
VARIABLE GENDER DESCRIPTIVE STATISTIC VALUE (% of MElcF" 
EMG Male
Female
Mean 3.573
Median 2.550
Standard Deviation 3.240
Minimum 0.000
Maximum 15.800
Range 15.800
Mean :L336
Median 2.000
Standard Deviation 2.086
Minimum 0.000
Maximum 9.100
Range 9.100
*MEIC = Maximal Effort o f an Isometric Contraction
o  4
I El Males 
I  ■Fem ales
Males Females
Gender
Figure 2. Mean EMG by gender.
Summarv o f Results 
Table 3 summarizes the three different hypothesis. No significant difference was 
found between the mean EMG scores and the three different hand positions. Also there 
was no correlation between position #2 EMG scores and the number of pushups
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performed. However, the mean EMG measures for females is significantly lower than 
the mean EMG recordings for males.
Table 3
Summary of Results
Comparison of mean EMG scores by position (Alpha = 0.05)
Ho: There are no differences in the mean EMG scores o f the three positions.
Ha: There are differences in the mean EMG scores of the three positions.
Test Statistic: F = 0.44 p-value = 0.6472
Decision: Fail to Reject Ho.
Conclusion: There are no statistically significant differences in the mean EMG scores of the three 
positions.
Correlation between Position #2 EMG scores and the # of pushups performed (Alpha =0.05)
Ho: There is no correlation between Position #2 EMG scores & the # of pushups performed.
Ha: There is a correlation between Position #2 EMG scores & the # of pushups performed, 
p-value = 0.5092 
Decision: Fail to Reject Ho.
Conclusion: There is no statistically significant correlation between Position #2 EMG scores and the 
number of pushups performed.
Comparison of mean EMG scores by sex
Ho: There is no difference in the mean EMG scores of males and females.
Ha: There is a difference in the mean EMG scores of males and females.
Alpha = 0.05 
Test Statistic: F = 4.61
p-value = 0.0346 
Decision: Reject Ho
Conclusion: There is a statistically significant difference in the mean EMG scores of males and females.
CHAPTER 5 
DISCUSSION
Purpose
The purpose of this study was to determine if  there is a significant difference in 
the EMG activity of the paraspinal musculature, based on the width of hand placement 
used in the prone press-up position. The subjects tested showed a large variety o f EMG 
measurements. The mean normalized EMG recording for the first position of hands 
directly underneath the shoulders was 2.603. In the second hand placement of two widths 
lateral to the first placement the EMG recording was 2.943. The mean EMG recorded in 
the third position o f hands four hand widths lateral to the first was 3.283. Although the 
mean EMG recordings increased slightly as the width of hand placement increased, there 
was no significant difference between the mean recordings of the three positions used (p- 
value = 0.6472).
Discussion of Results
The results of this study do not support our hypothesis that there is a specific 
width of hand placement that will reduce paraspinal EMG activity in the prone press-up 
position. This does not, however, indicate that there is not a specific hand placement that 
is most efîèctive at reducing erector spinae muscle activity during the prone press-up 
exercise. The results merely indicates that none of the widths o f hand placement chosen 
for this study has a significant effect on the “passive” nature o f the prone press-up.
McKenzie suggests that in addition to the exercises being passive, full extension 
range of motion must be obtained in order for the exercises to be most effective
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(McKenzie, 1981). In a sample of subjects, an attempt was made, during this study to 
insure that the subject was extending at the L5-S1 joint space during the prone press-ups. 
This was done by palpating this segment in the third position, after all recordings were 
complete. The researchers did not, however, compare the amount of extension obtained 
at this segment in the three positions during actual testing. It is possible that one of the 
positions may have provided for a greater extension range o f motion at this segment.
Based on the EMG recordings in this study, there is a significant amount of EMG 
activity in the paraspinal musculature in the prone press-up position with all three hand 
placements. This corresponds well with the results o f a 1994 study by Fiebert and Keller 
which concluded that there is a significant amount o f paraspinal EMG activity in the 
“extension in lying prone” position. Based on the findings o f these two studies, and the 
working definition o f “passive low back extension”, the prone press-up should not be 
referred to as a “passive” exercise.
The researchers investigated the correlation between the EMG recorded in the 
second position with the subjects upper body strength, as shown by the number o f full 
push-ups the subject could perform in that position. Using Pearson product moment 
correlations, no significant correlation was found between the EMG recorded and the 
subjects' upper body strength. This was indicated by the small Pearson correlation value 
(-0.1254) and high p value (0.5092).
Upon further analysis of the EMG data recorded the researchers found there to be 
a significant difference in the EMG activity of males when compared with that of 
females. In an analysis o f variance, female subjects showed significantly lower mean
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EMG recordings than male subjects (p=0.0346). This could be due to a number of 
variables including body type, and flexibility.
Reliability and Validity
The methods used in this study are supported well by the literature pertaining to 
the use o f surface electrodes to measure EMG activity of the paraspinal musculature. 
Ahem et.al. (1986) concluded that lumbar paravertebral EMG measures are reliable, and 
any decrease in the reliability when dealing with these EMG recordings may be due to 
inconsistent methodologies used to measure and analyze these recordings. By using the 
1999 Standards for Recording EMG Data in the Journal of Electromvographv and 
Kinesiology, the methods used for EMG data collection are easily reproducible for future 
studies.
The reliability o f the methods used in this study was high for many reasons. All 
recordings were taken tlie same day and without repositioning o f the electrodes. A 
practice session was performed to ensure that the student researcher’s electrode 
placement was consistent with that o f an experienced clinician. Having the two 
researchers perform the same duties throughout the data collection period, eliminated 
intertester reliability. The researcher that directed the subject used a specific set of verbal 
and visual instructions. This reduced bias, and ensured that each subject was performing 
under the same preset conditions. The objectivity o f the data collected using the EMG 
machine also eliminated researcher bias. Prior to analysis, all data collected was 
normalized by comparing test recordings with an EMG recording o f  a maximum effort of 
an isometric contraction.
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Attempts were also made to control as many outside variables as possible, and to 
have the width of hand placement as the only independent variable. To prevent the effects 
of fatigue and motor learning from skewing the results, a factor of three was used to 
alternate tlie order in which the testing positions were performed.
Limitations
Throughout the course of this study, many limitations that may have interfered 
with the significance and generalizability o f the results have become evident. The fact 
that the study sample was relatively homogeneous in regards to age and body type, with 
the subject ages ranging from 18 to 28, and subject body type being primarily 
mesomorphic (28 out of 30), does not allow for the results to be generalized to the 
general population. Also, any subject with current complaints of low back pain, 
medically diagnosed back pain in the past year, or a history of back surgery was excluded 
from this study. Women who had been pregnant within the six months prior to data 
collection were also excluded from this study. Persons with low back pathology may 
have responded differently to the procedures used in this study. In a 1986 study Ahem et. 
al., compared the paraspinal EMG activity of patients, with and without a history o f low 
back surgery, in various positions and found there to be a significant variability in the 
EMG measures of the surgical group. The surgical group had consistently but non- 
significantly higher EMG recordings than in the non-surgical group. Due to the fact that 
the present study tested normals and not pathological subjects, the results may not be 
generalizable to the pathological population.
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In addition to the lack of generalizability, there are numerous variables that may 
have influenced the results o f this study. One of these uncontrollable variables was the 
flexibility o f the subject. An increased amount of flexibility may have allowed for less 
resistance to the passive back extension. This lower level of resistance may have 
provided for a decrease in the amount o f EMG activity in the trunk muscles. Other 
variables that were not fully accounted for were the subjects head position, strength, and 
the level o f general relaxation o f the subject. The position o f the head during testing may 
have significantly effected the activity o f the low back muscles. If  the subject was 
actively extending the neck during testing, the activity of the paraspinal musculature may 
have been increased in order to actively support the weight o f the head against gravity.
This study attempted to account for upper body strength by doing a correlational 
study comparing the number of push-ups that each subject could perform in the second 
hand position, to the EMG recording in the prone press-up position, with this same hand 
placement. Upper body strength was measured by the number o f push-ups performed; 
however, this has not been shown, in research, to be an accurate indicator o f strength. 
Normalization of the data was done to account for differences in each individual’s 
capability to actively contract the paraspinal muscles. The normalization did not take 
into account each subject’s resting EMG level. Resting EMG recordings could have been 
taken to account for the level of relaxation of each subject prior to testing.
Clinical Implications 
This study demonstrated that EMG recordings o f the lumbar paraspinal 
musculature were not significantly affected by the width of hand placement, when using
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McKenzie’s prone press-up exercise. Therefore, none o f the widths o f hand placement 
used in this study had a significant effect on the “passive” nature of this exercise.
Clinically, since the passive nature of the prone press-up exercise was not 
significantly affected by the three widths of hand placement tested, other variables need 
to be considered when using this exercise to treat a patient with low back pain. One of 
these variables is the amount of extension range of motion in the lumbar spine.
McKenzie stresses the importance of obtaining fiill extension range o f motion in the 
segment being treated, in order to achieve the greatest results (McKenzie, 1985). 
Therefore, if  a patient is unable to achieve the maximum amoimt o f extension available at 
the segment being treated while using a certain width o f hand placement, then that hand 
placement should not be used to treat that patient. Maintaining contact between the 
patient’s pelvis and the mat is also important while performing this exercise. If the 
patient is unable to do so with a narrow width of hand placement, then a wider hand 
placement should be considered as an option. However, this wider hand placement 
should only be used if  the patient is able to achieve maximum extension range of motion 
at the targeted segment in that position.
Recommendations for Further Research 
Due to the relatively homogenous sample used for this study, the results o f this 
study can not be generalized to the general population o f persons with low back pain. 
Future studies should test the effects of additional hand placements, while using the prone 
press-up, on the EMG activity o f the lumbar paraspinal musculature, in a pathological 
population. A measure o f flexibility should be used during this study to find out if the
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amount of flexibility of the lumbar spine is related to the amount of EMG activity 
produced. Another study should be done to determine the effects of various hand 
placements on the amount o f lumbar segmental range of motion obtained during this 
exercise.
Conclusion and Summarv 
In the prone press-up position, no significant difference was found in the amount 
of lumbar paraspinal EMG activity produced, based on the width of hand placement.
No correlation was found between the subjects’ upper body strength and the amplitude of 
the EMG recordings. Female subjects were found to have significantly less EMG activity 
in the lumbar paraspinal muscles, in the three test positions. Although an effort was 
made to have the width of hand placement as the only independent variable, other 
variables such as the subjects’ flexibility, head position and general level o f relaxation 
may have influenced the results. The findings o f this study did not support the authors’ 
hypothesis that there is a significant difference in the EMG activity of the lumbar 
paraspinal musculature based on the width of hand placement. The results of this study 
have clinical implications on how patients with low back pain are positioned while 
performing the commonly used prone press-up. The passive nature o f this exercise is not 
significantly affected by the width of hand placement. Therefore, the width of hand 
placement used during the prone press-up exercise may be varied based on patient 
comfort as long as the patient is fiilly extended at the spinal segment being treated.
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APPENDIX A
GRAND VALLEY STATE UNIVERSITY 
DEPARTMENT OF PHYSICAL THERAPY 
INFORMED CONSENT
PROJECT TITLE: EMG MEASUREMENTS OF PARASPINAL MUSCLES AND 
THE IMPLICATIONS OF ADAPTING TREATMENT PROTOCOLS WHEN USING 
PASSIVE EXTENSION EXERCISES, BASED ON THESE FINDINGS.
I,_____________________________, freely and voluntarily agree to participate in the
research project under the direction of Mark Randell, SPT, and Geoff Willson, SPT, to be 
conducted at Grand Valley State University therapeutic exercise laboratory. I understand 
the following to be true:
1. The study is being done in order to examine the changes in muscle contraction in the 
low back produced by low back extension. The conclusions drawn from this study may 
be used to improve physical therapy treatment of low back pain.
2. I have been selected for this study because I do not have a history of low back pain in 
the last year or low back surgery, nor am I pregnant or been pregnant within the past 6 
months.
3. I will allow the examiner to raise my shirt or lower my waistline of my shorts, pants, 
ect. to view and examine my lumbar spine.
3. I will be required to lie on my stomach and with arms forward. Using my low back 
muscles, I will attempt to raise my chest and legs off the table, concentrating on using the 
low back muscles. This contraction will be held for a count o f 7 by the examiner to allow 
an EMG recording to be taken. This activity will be repeated 3 times to obtain my 
strongest contraction.
3. I will be required to lie on my stomach, extend my back using only my arms, and hold 
this position for approximately 3 seconds. This will be repeated 3 times, each time with a 
different width of hand placement on the mat. This will be stopped if significant pain is 
produced.
4. The muscle activity will be recorded by 4 electrodes that will be placed on the skin of 
my low back on both sides of the spine. The skin surface under the electrodes will be 
shaved if needed, and vigorously rubbed with alcohol to assure good contact o f the 
electrode pads. Wires will attach the electrode pads to a monitor, where current will be 
received and measured. NO current will be delivered to the subjects.
5. Total testing time is estimated at 45 minutes or less.
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6. Testing procedures are not expected to present any risk of injury; however, mild low 
back or upper arm muscle soreness may occur, lasting one or two days.
7. I will report to the tester any feelings of pain or discomfort that may develop during 
the test.
8. I have the right to discontinue my testing or inclusion in this study at any time, for any 
reason, without penalty.
9. The test results will be used in a Master’s Research Project for students in the Grand 
Valley State physical therapy program, but all subjects names will be strictly confidential.
10. I will have the opportunity to ask questions and to contact either tester regarding the 
study anytime, and to have these questions answered to my satisfaction. The phone 
numbers at which the testers may be contacted are: Mark Randell (616) 667-0952, Geoff 
Willson (616) 454-6040. I may also contact Daniel Vaughn, P.T., M.O.M.T, the research 
committee chairperson, at the physical therapy department at Grand Valley State 
University at (616) 895-2678. The chairperson o f the Human Subject Research Review 
Board at Grand V dley State University is Professor P. Huizenga, (616) 895-2472.
11. Grand Valley State University is in no way responsible for the administration of 
research involved with this project. Grand Valley State University is in no way hable for 
any compensation for any time volunteered or evolving from my participation in this 
project.
12. There will be approximately 30 subjects participating in this study.
I acknowledge that I have read and understood the above page, and based upon this 
information, I am voluntarilv agreeing to participate in this study.
Signature of participant Date
Signature of wimess Date
Please check here if  you are interested in receiving a summary of the study results.
Address (please print):________________________________________
_________________________________  Phone: ( )______________________
I have explained and defined in detail the research procedures to which the subject has 
consented to participate.
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Signature o f researcher Date
Signature of witness Date
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APPENDIX B
GRAND VALLEY STATE UNIVERSITY 
DEPARTMENT OF PHYSICAL THERAPY 
HEALTH SCREENING QUESTIONNAIRE
FOR
PROJECT TITLE: EMG MEASUREMENTS OF PARASPINAL MUSCLES AND 
THE IMPLICATIONS OF ADAPTING HAND PLACEMENT PROTOCOLS 
WHEN USING PASSIVE EXTENSION EXERCISES
Date: / /
Name (please print):________________________________________________
Date of B irth:__ / ___ / ___  Sex: Male ( )  Female ( )
CIRCLE THE APPROPRIATE ANSWER TO EACH QUESTION BELOW:
1. Do you currently have any pain or discomfort in your low back?
Yes / No
2. Do you have a history o f low back pain that has medically diagnosed in the last year?
Yes / No
3. Are you pregnant now, or have you been pregnant in the past 6 months?
Yes / No
4. Have you ever had low back surgery?
Yes / No
/  /
Subject’s Signature Date
/  /
Witness Signature Date
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Appendix C
SUBJECT INSTRUCTIONS
1. One tester will be operating the EMG machine/computer. This tester will be 
concerned with recording EMG data. The second tester will be placing the electrodes 
and making sure that the subject is in the correct position. This second tester will be 
doing the subject instruction.
2. Before starting the EMG testing, a measurement will be taken, across your knuckles, 
using a ruler.
3. Lie flat on your stomach on a treatment table with your feet angled so that your toes 
are pointed outward and your heels roll in.
4. Your shirt will be raised only high enough to see your complete lumbar spine, or low 
back region.
5. This area will be shaved (if necessary) and vigorously rubbed with alcohol. Then 
electrodes will be placed on both sides o f your spinal column in this low back region.
6. Before testing a measurement o f EMG activity during a maximal contraction of your 
low back muscles is needed. For this, we will need you to lie flat on your stomach and 
reach out in front of you (overhead). Using your low back muscles attempt to raise your 
chest and legs off the table. This contraction will be held for a count of 7 seconds by the 
examiner to allow an EMG recording to be taken. This activity will be repeated 3 times 
to obtain your largest contraction.
7. Before testing the second tester will then instruct you where to place your hands. 
Then you will be instructed to raise your upper body off the mat, leaving your pelvis on 
the mat, and straighten out your elbows. This will be held for approximately 3 seconds, 
and an EMG recording will be taken.
8. Next, step 7 will be repeated with a different width of hand placement, either farther 
out to the side or closer to the center. This will be repeated with a total of three different 
hand placements.
9. After all EMG recordings have been taken the tester will then ask you to perform as 
many consecutive push-ups as you can and this number will be recorded.
10. If  at any time you feel pain or discomfort, tell the tester and the testing will be 
stopped.
11. You have completed the testing. Thank you for your participation. Do you have 
any questions or concerns?
43
12. Remove the apparatus from the subject, answer any questions, and escort the 
volunteer from the room.
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APPENDIX D 
DATA COLLECTION SHEET
FOR RESEARCHERS USE ONLY:
Subject:_____________________________ Group
Gender M F
Body Type: Endomorph Ectomorph Mesomorph
EMG Recordings:
Position Area
1. Hands imder shoulders:___________________ ___________
2. Hands 2 hand width lateral: __________
3. Hands 4 hand widths lateral:
Normalization
Maximal Effort o f an Isometric Contraction
2 .
Maximum Number of Push-ups
